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MULTIPLE BITCELLSTRACKING SCHEME 
FOR SEMCONDUCTOR MEMORIES 

FIELD OF DISCLOSURE 

The disclosed circuit and method relate to semiconductor 
memories. More specifically, the disclosed circuit and 
method relate to tracking multiple bit cells in semiconductor 
memories. 

BACKGROUND 

Semiconductor memory devices are continually shrinking 
in size while at the same time increasing in density or Volume 
and operate at lower power. The operation of memory devices 
are synchronized based on clock signals, which may reach 
different parts of a memory device at different times. The 
difference in signal paths results in various problems includ 
ing having a reduced read time margin, which may lead to 
data being improperly read from the memory. 
One example of a semiconductor memory device, a static 

random access memory (SRAM), includes a plurality of 
memory cells arranged in rows and columns. Each memory 
cell typically includes four or six transistors that form a latch 
for storing a bit of information. Additionally, each memory 
cell is connected to one of a plurality of write word lines 
(WWL) and one of a plurality of read word lines (RWL), both 
of which extend horizontally across an SRAM array forming 
a plurality of rows. The memory cells are also coupled to one 
of a plurality of differential write bit line including WBL and 
its inverse WBL . A read bit line (RBL) is also coupled to the 
memory cells. WBL, WBL , and RBL all extend vertically 
across the SRAM array to form a plurality of columns. 

Data is written to the memory cells by controlling the 
voltages on the WWL and providing the data on bit lines WBL 
and WBL to be transferred to the storage node. Data is read 
from the memory cells by controlling the voltage of the RWL 
and sensing the resultant Voltage that develops on the RBL. 
The process of writing data to and reading data from the 
memory cells takes a certain amount of time, which varies 
based on the distance between the memory cell and the 
memory controller as well as on the variances across the 
SRAM due to process, voltage, and temperature (“PVT). 

Consequently, SRAM arrays, and other semiconductor 
memories such as dynamic random access memories 
(“DRAMs), also include tracking circuitry to detect delays 
in signals transmitted through the array. The delays detected 
through the use of tracking signals are used to adjust the 
timing of the memory control signals to help ensure the read 
time margin is sufficiently long Such that data may be prop 
erly read from the memory. Although multiple bit cell track 
ing methods have been implemented to reduce the variations 
(e.g., in threshold Voltage, in memory cell read current, etc.) 
across the SRAM, problems still arise when the memory is 
implemented for high voltage and high speed SRAMs. In 
these situations, the tracking may be too fast for low V, 
operation due to different threshold voltages (V) between 
the logic and the bit lines. Additionally, in some approaches, 
if the tracking methodology is implemented for low V, 
operation, then the tracking may result in too high a read time 
margin and therefore will not be optimized for normal V, 
operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a layout of a semiconductor memory in 
accordance with Some embodiments. 
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2 
FIG. 2 illustrates a layout of a partial segment of a semi 

conductor memory in accordance with some embodiments. 
FIG.3 is a schematic view of one example of a memory cell 

in accordance with Some embodiments of a semiconductor 
memory. 

FIG. 4 is a schematic view of one example of a tracking bit 
cell inaccordance with the semiconductor memory illustrated 
in FIG. 1. 

FIG. 5 illustrates one example of a local input/output cir 
cuit in accordance with some embodiments. 

FIG. 6 illustrates one example of a tracking local input/ 
output circuit in accordance with Some embodiments. 

FIG. 7 illustrates an improved tracking process of a semi 
conductor memory in accordance with some embodiments. 

FIG. 8 illustrates one example of a flow chart of a method 
of read bit line tracking in accordance with some embodi 
mentS. 

DETAILED DESCRIPTION 

In some embodiments, a semiconductor memory includes 
an improved bit cell tracking system and method. The 
improved bit cell tracking system and method include track 
ing multiple tracking bit cells in multiple tracking paths each 
of which includes at least one tracking bit cell. A tracking 
clock provides a clock signal through the tracking path to 
reset the internal clock pulse that, for example, controls the 
cycle time of the memory. 

FIG. 1 illustrates a static random access memory 
(“SRAM) array 100 including a plurality of banks 102 of 
memory cells. Although an SRAM array is described, one 
skilled in the art will understand that the disclosed system and 
method may be adapted for other semiconductor memories 
including, but not limited to, dynamic random access memo 
ries (“DRAMs), erasable programmable read only memo 
ries (“EPROMs), and electronically erasable programmable 
read only memories (“EEPROMs) as well as other read only 
memories (“ROMs), random access memories (“RAMs), 
and flash memories. SRAM array 100 may be divided into 
one or more segments 104 with each segment 104 including a 
plurality of memory cell banks 102 separated by local input/ 
output (LIO) circuitry 106, 108. The reading from and writing 
to the memory cell banks 102 is controlled by global control 
(“GCTRL) circuitry 110, which is coupled to address decod 
ers 112, local control (“LCTRL) circuitry 114, and global 
input/output (“GIO) circuitry 116. For example, GCTRL 
circuitry 110, which may include a tracking clock (not 
shown) as well as a clock (not shown) for controlling the 
reading and writing to and from memory cells of the SRAM 
100, provides an address and a control signal for reading data 
from or writing data to a memory cell in one of the segments 
104. The address is decoded by one of the decoders 112 and 
LCTRL circuitry 114 identifies the type of operation being 
performed and transmits a signal to an LIO 106, 108 for 
controlling the data access in a segment 104. 

FIG. 2 illustrates a more detailed view of one example of a 
segment 104 of SRAM 100. As shown in FIG. 2, segment 104 
includes a plurality of columns 118 and 120 of memory cells 
122 arranged in rows and coupled to LIO 106. Memory cells 
122 disposed in columns 118 disposed above LIOS 106 are 
coupled to read bit line UP RBL, and memory cells 122 
disposed in columns 118 below the LIOS 106 are coupled to 
read bit line LO RBL. 

Tracking columns 120-1:120-4 (collectively “tracking col 
umns 120) also include a plurality of memory cells 122 
aligned in a plurality of rows coupled to a tracking LIO 108. 
Each of the tracking columns 120 also includes a tracking 
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memory cell 124 coupled to a tracking read bit line 
(“TRBL'), i.e., either UP TRBL or LO TRBL, which is a bit 
line used for routing tracking signals through the SRAM as 
described below. As illustrated in FIG. 2, the memory cells 
122 and tracking memory cells 124 in tracking columns 
120-1 and 120-3, which are located above LIOS 108, are 
coupled to tracking read bit lines UP TRBL, and the memory 
cells and tracking memory cells 124 in tracking columns 
120-2 and 120-4, which are disposed below LIOS 108, are 
coupled to tracking read bit lines LO TRBL. UP TRBL and 
LO TRBL, via the output of tracking LIOS 108, are coupled 
to a global bit line (“GBL) 130. 

FIG. 3 illustrates one example of a single-ended SRAM 
memory cell 122. As shown in FIG. 3, memory cell 122 
includes two PMOS transistors P1 and P2 and six NMOS 
transistors N1-N6. Each memory cell 122 is connected to one 
of a plurality of write word lines (WWL) and one of a plurality 
of read word lines (RWL), both of which extend horizontally 
across an SRAM array forming a plurality of rows. Memory 
cell 122 is also coupled to one of a plurality of differential 
write bit line including WBL and its inverse WBL . A readbit 
line (RBL) is also coupled to memory cell 122. WBL, WBL , 
and RBL all extend vertically across the SRAM array 100 to 
form a plurality of columns 118, 120. 
Memory writing is accomplished by placing a high level 

(e.g., a logic one) on the addressed WWL and the desired 
logic level on the write bit lines WBL and WBL The desired 
value is latched through pass NMOS transistors N3 and N4 
where it is then stored at a storage node disposed between 
transistors P1-P2 and N1–N2. Memory reading is accom 
plished by accessing the value Stored at the storage node by 
placing a high level on the addressed RWL and detecting the 
logic level on the RBL through NMOS transistor N6. 

FIG. 4 illustrates one example of a single-ended tracking 
cell 124. As shown in FIG. 4, single-ended tracking cell 124 
is similar to memory cell 122 except that the gates of transis 
tors P2, N2, and N5 are coupled to positive supply voltage 
V, such that NMOS transistors N2 and N5 are always in an 
“on” or current conducting state and PMOS transistor P2 is 
always in an “off” or non-current conducting State. Addition 
ally, tracking cell 124 is coupled to a TRBL, i.e., UP TRBL 
or LO TRBL, instead of to read bit lines UP RBL or 
LO RBL. Consequently, read tracking cells 124 may be 
accessed by placing a high logic level on the RWL, which 
results in the stored data being read by detecting the logic 
level at the TRBL. 
One example of an LIO 106 is illustrated in FIG. 5. As 

shown in FIG. 5, LIO 106 includes a NAND logic gate 126 
having a first input coupled to a first RBL, which may be 
disposed above LIO 106 as illustrated in FIG. 2 and is thus 
identified as UP RBL, and a second input coupled to a second 
RBL disposed below LIO 6 and is identified as LO RBL. The 
output of NAND gate 126 is coupled to GBL 130 through 
transistor 128. Transistors 132-138 and 142 are coupled to 
positive Voltage Supply V, and negative Voltage Supply Vss 
to provide the appropriate logic voltage levels to NAND gate 
126. 
An example of a tracking LIO 108 is illustrated in FIG. 6. 

As shown in FIG. 6, LIO 108 differs from LIO 106 in that LIO 
108 includes a NOR gate 140 having a first input coupled to 
tracking read bit line UP TRBL, and a second input coupled 
to tracking read bit line LO TRBL. In a normal state in which 
data is not being read from or written to memory cells 122 and 
tracking cells 124, UP TRBL and LO TRBL are both pre 
charged to the Voltage of positive Voltage source V, through 
transistors 132, 134, 136, 138, and 142, which provide the 
logic levels for NOR gate 140. The operation of NOR gate 
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4 
140 is such that both inputs must be a logic low before its 
output is a logic high. The output of NOR gate 140 is coupled 
to the gate of transistor 128, which has its drain coupled to 
global bit line 130 and its source coupled to negative or low 
supply voltage Vss. When the output of NOR gate 140 is high, 
transistor 128 is on resulting in the voltage level at the drain of 
transistor 128, which is coupled to GBL 130, being pulled to 
the logic level at its source. As a result, GBL 130 is pulled to 
ground or Vss. When the output of NOR gate 140 is low, 
transistor 128 is off and Vss is electrically disconnected from 
GBL 130. 

FIG. 7 illustrates one example of an improved bit line read 
tracking process in accordance with the SRAM array illus 
trated in FIG. 1 in which four tracking paths are tested, and 
FIG. 8 is a flow chart illustrating one example of a method 200 
of read bit line tracking. At block 202, a read tracking control 
signal 144 is transmitted from GCTRL circuitry 110, which 
also starts a tracking clock (not shown). The read tracking 
control signal is routed through a series of decoders 112 and 
LCTRL circuitry 114 to word line drivers 146-1 and 146-2, 
which are coupled to decoders 112. Word line drivers 146-1 
and 146-2 are coupled to word lines 148-1 and 148-2 in 
segments 104-1 and 104-2, and a signal travels along a first 
half of word lines 148-1 and 148-2 as denoted by lines 148-1a 
and 148-2a in FIG. 7. The signal then travels back along word 
lines 148-1 and 148-2 as denoted by lines 148-1b and 148-2b 
to tracking cells 124, which are disposed in columns adjacent 
to LCTRLs 114 and decoders 112. Locating tracking columns 
120 with tracking cells 124 adjacent to decoders 112 and 
LCTRL circuitry 114 advantageously enables the speed of the 
memory to be increased and simplifies the implementation of 
the SRAM. The signal traveling halfway along word lines 
148-1 and 148-2 and then returning along the same word line 
simulates a signal traveling across an entire word line repre 
senting a typical condition in accordance with Some embodi 
ments. Although FIG. 7 illustrates that a read tracking cell 
travels half-way along word lines 148-1 and 148-2, one 
skilled in the art will understand that read tracking signal may 
be routed farther or shorter along word lines 148-1 and 148-2 
and that tracking columns 120-1:120-8 may be positioned at 
different locations within memory banks 102 in segments 
104. 
When the signal from word lines 148-1 and 148-2 passes 

through tracking cells 124 to access the tracking cells 124 at 
block 204, NMOS transistors N5 and N6 are on resulting in 
transistor N6 pulling the tracking read bit line (either 
UP TRBL or LO TRBL), which is coupled to the drain of 
transistor N6, to the drain of transistor N5. Transistor N5 
being on results in the drain of transistor N5 being pulled to 
the logic level of the source of transistor N5, which is coupled 
to ground. The effect of the switching of transistors N5 and 
N6 is to pull the tracking read bit line to ground or low. 

Before LIO 108 is accessed, UP TRBL and LO TRBL are 
charged to V, and provide the inputs of NOR gate 140 with 
logic ones such that the output of NOR gate 140 is a logic 
Zero. When the tracking signal passes through LIO 108, both 
UP TRBL and LO TRBL will be pulled to ground as 
described above, but one will be faster or slower than the 
other. When both UP TRBL and LO TRBL are low at block 
206, the output of NOR gate 140 changes from low to high, 
which turns on transistor 128. With transistor 128 on, the 
drain of transistor 128 that is coupled to GBL 130 is pulled to 
the logic level of the source of transistor 128 causing GBL 
130 to be low. In effect, the slower or slowest signal (either 
UP TRBL or LO TRBL) causes GBL 130 to be pulled to 
ground. 
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Global bit lines 130 transmit signals 150 to GIOs 116 at 
block 208. At block 210, GIOs 116 transmit a reset signal 152 
to GCTRL circuitry 110. The tracking clock (not shown) of 
GCTRL circuitry 110 may be used to program the memory 
clock (not shown) for SRAM array 100 based on the latest 
reset signal 152 to be received by the tracking clock at block 
212. 

In some embodiments, a semiconductor memory includes 
a first segment comprising a first memory bank having a first 
plurality of memory cells arranged in rows and columns and 
a first tracking cell disposed in a first tracking column. A 
second memory bank includes a second plurality of memory 
cells arranged in rows and columns and a second tracking cell 
disposed in a second tracking column. A first tracking circuit 
is coupled to the first and second tracking cells and is config 
ured to output a first signal to memory control circuitry when 
the first and second tracking cells are accessed. The memory 
control circuitry is configured to set a memory clock based on 
the first signal. 

In some embodiments, a method includes starting a track 
ing clock when a tracking signal is transmitted from a 
memory control circuit of a semiconductor memory. A first 
Voltage from a first tracking cell disposed in a first column of 
a first segment of the semiconductor memory is used to con 
trol a first tracking read bit line in response to receiving the 
tracking signal. A second Voltage is from a second tracking 
cell disposed in a second column of the first segment of the 
semiconductor memory is used to control a second tracking 
read bit line in response to receiving the tracking signal. A 
first signal is output to a tracking global bit line from a first 
tracking circuit in response to receiving the first and second 
voltages from the first and second tracking read bit lines, and 
a first reset signal for triggering a reset of the tracking clock is 
generated when the first signal is received from the tracking 
global bit line. 

In some embodiments, a semiconductor memory is dis 
closed that includes a plurality of segments. Each of the 
plurality of segments includes first and second banks of 
memory cells in which the memory cells are arranged in rows 
and columns. A local tracking circuit is disposed between the 
first and second banks of memory cells. The local tracking 
circuit includes a NOR gate having a first input coupled to a 
first tracking read bit line and a second input coupled to a 
second tracking read bit line. The first tracking read bit line is 
coupled to a first tracking cell disposed in a first column of the 
first bank, and the second tracking read bit line is coupled to 
a second tracking cell disposed in a second column of the 
second bank. The NOR gate has an output coupled to a global 
tracking bit line and is configured to trigger a reset of a 
tracking clock coupled to the global tracking bit line in 
response to receiving signals identifying that the first and 
second tracking cells have been accessed from the first and 
second tracking read bit lines. 
The semiconductor memory and tracking method dis 

closed herein advantageously provide a plurality of tracking 
paths across a semiconductor memory thereby enabling the 
independent tracking of the plurality of tracking bit cells 
positioned across the memory. The local bit line tracking 
described herein also provides bit cell tracking that closely 
approximates bit cell reading across the array for all process, 
Voltage, and temperature conditions to enable a better yield 
than conventional semiconductor memories and tracking 
methodologies. 

Although the invention has been described in terms of 
exemplary embodiments, it is not limited thereto. Rather, the 
appended claims should be construed broadly, to include 
other variants and embodiments of the invention, which may 
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6 
be made by those skilled in the art without departing from the 
Scope and range of equivalents of the invention. 
What is claimed is: 
1. A semiconductor memory, comprising: 
a first segment including: 

a first memory bank comprising a first plurality of 
memory cells arranged in rows and columns and a first 
tracking cell disposed in a first tracking column, 

a second memory bank comprising a second plurality of 
memory cells arranged in rows and columns and a 
second tracking cell disposed in a second tracking 
column that is aligned with the first tracking column 
Such that the first and second tracking cells are aligned 
with each other in a first direction, and 

a first tracking circuit coupled to, and disposed between, 
the first and second tracking cells and configured to 
output a first signal to memory control circuitry when 
the first and second tracking cells are accessed; 

wherein the memory control circuitry is configured to 
set a memory clock based on the first signal. 

2. The semiconductor memory of claim 1, wherein the first 
tracking circuit includes a NOR gate coupled to the first 
tracking column and to the second tracking column. 

3. The semiconductor memory of claim 2, wherein the 
NOR gate of the first tracking circuit has a first input coupled 
to a first tracking read bit line and a second input coupled to a 
second tracking read bit line, the first tracking read bit line 
coupled to the first tracking cell and the second tracking read 
bit line coupled to the second tracking cell. 

4. The semiconductor memory of claim 1, wherein the first 
memory bank includes a third tracking cell disposed in a third 
tracking column, and the second memory bank includes a 
fourth tracking cell disposed in a fourth tracking column. 

5. The semiconductor memory of claim 4, further compris 
1ng: 

a second local tracking circuit coupled to the third and 
fourth tracking cells, the second tracking circuit config 
ured to output a second signal to the memory control 
circuitry when the third and fourth tracking cells are 
accessed; 

a second segment including: 
a third memory bank comprising a third plurality of 
memory cells, a fifth tracking cell disposed in a fifth 
tracking column, and a sixth tracking cell disposed in 
a sixth tracking column, 

a fourth memory bank comprising a fourth plurality of 
memory cells, a seventh tracking column including a 
seventh tracking cell, and an eighth tracking column 
including an eighth tracking cell, 

a third tracking circuit coupled to the fifth and seventh 
tracking cells, the third tracking circuit configured to 
output a third signal to the memory control circuitry 
when the fifth and sixth tracking cells have been 
accessed; and 

a fourth tracking circuit coupled to the sixth and eighth 
tracking cells, the fourth tracking circuit configured to 
output a fourth signal to the memory control circuitry 
when the sixth and eighth tracking cells have been 
accessed. 

6. The semiconductor memory array of claim 5, configured 
to satisfy at least one of the following conditions: 

the third tracking column is disposed adjacent to the first 
tracking column, 

the fourth tracking column is disposed adjacent to the 
second tracking column, and 

the sixth tracking column is disposed adjacent to the fifth 
tracking column. 
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7. The semiconductor memory of claim 5, wherein each of 
the tracking circuits includes a NOR gate coupled to tracking 
read bit lines. 

8. The semiconductor memory of claim 5, wherein the 
memory control circuitry is configured to set a memory clock 
based on the first, second, third, and fourth signals. 

9. The semiconductor memory of claim 5, wherein the 
memory control circuitry sets the memory clock based on a 
last received one of the first, second, third, and fourth signals. 

10. The semiconductor memory of claim 1, wherein the 
first and second tracking columns include memory cells. 

11. The semiconductor memory of claim 1, wherein the 
memory cells and the tracking cells are single-ended. 

12. A method, comprising: 
starting a tracking clock when a tracking signal is trans 

mitted from a memory control circuit of a semiconduc 
tor memory; 

using a first Voltage from a first tracking cell disposed in a 
first column of a first segment of the semiconductor 
memory to control a first tracking read bit line in 
response to receiving the tracking signal; 

using a second Voltage from a second tracking cell dis 
posed in a second column of the first segment of the 
semiconductor memory to control a second tracking 
read bit line in response to receiving the tracking signal; 

outputting a first signal to a tracking global bit line from a 
first tracking circuit in response to receiving the first and 
second Voltages from the first and second tracking read 
bit lines; and 

generating a first reset signal for triggering a reset of the 
tracking clock when the first signal is received from the 
tracking global bit line. 

13. The method of claim 12, further comprising: 
using a third Voltage from a third tracking cell disposed in 

a third column of a first segment of the SRAM array to 
control a third tracking read bit line in response to 
receiving the tracking signal; 

using a fourth Voltage from a fourth tracking cell disposed 
in a fourth column of the first segment of the SRAM 
array to controla fourth tracking read bit line in response 
to receiving the tracking signal; 

outputting a second signal to a second tracking global bit 
line from a second tracking circuit in response to receiv 
ing the third and fourth voltages from the third and 
fourth tracking read bit lines; and 
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generating a second reset signal for triggering a reset of the 

tracking clock when the second signal is received from 
the second tracking global bit line. 

14. The method of claim 13, wherein the tracking clock of 
the semiconductor memory is reset when a last received one 
of the first and second reset signals is received at the tracking 
clock, and a clock of the semiconductor memory is set based 
on the tracking clock. 

15. The method of claim 13, wherein the third column is 
disposed adjacent to the first column and the fourth column is 
disposed adjacent to the second column. 

16. The method of claim 12, wherein the first and second 
tracking cells are single ended. 

17. The method of claim 12, wherein the first tracking 
circuit includes a NOR gate having a first input coupled to the 
first tracking read bit line and a second input coupled to the 
second tracking read bit line. 

18. A semiconductor memory, comprising: 
a plurality of segments, each of the plurality of segments 

including: 
first and second banks of memory cells in which the 
memory cells are arranged in rows and columns, 

a local tracking circuit disposed between the first and 
second banks of memory cells, the local tracking cir 
cuit including a NOR gate having a first input coupled 
to a first tracking read bit line and a second input 
coupled to a second tracking read bit line, the first 
tracking read bit line coupled to a first tracking cell 
disposed in a first column of the first bank, the second 
tracking read bit line coupled to a second tracking cell 
disposed in a second column of the second bank, 

wherein the NOR gate has an output coupled to a global 
tracking bit line and is configured to trigger a reset of a 
tracking clock coupled to the global tracking bit line in 
response to receiving signals identifying that the first 
and second tracking cells have been accessed from the 
first and second tracking read bit lines. 

19. The semiconductor memory of claim 18, wherein the 
first and second tracking cells are single-ended. 

20. The semiconductor memory of claim 18, wherein a 
clock of the semiconductor memory is configured to be set 
based on a last received one of the reset signals received by the 
tracking clock. 


